
Risks and benefits of water on a 
uranium territory; the need to cross 

knowledge
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What is a Zone Atelier (ZA)? 

The Zones Ateliers form a vast network of interdisciplinary research 
in relation to societal issues
The ZAs study the interactions between an environment and all 
those who occupy and exploit it.
Long-term research programs are developed (renewal every five 
years on the basis of a report evaluated by the CNRS); 

ZATU started in 2015 
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Some basic information

Where are we now?

Where are we going?
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Les sels d’uranium

Pierre & Marie Curie

les « rayons uraniques » ne
sont pas émis par le seul
uranium et sont une propriété
générale de la matière – le
terme « radioactivité » nait

Cet élément émet des « rayonnements uraniques » de
manière spontanée

H. Béquerel
Irène & Frédéric Joliot
– Curie 

On peut transformer la matière et
produire des isotopes radioactifs!
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T1/2 (U-238)= 4.5 milliards 
d’années
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Rays = energy



The 1st multicellular 
organisms were discovered 
30 km from natural nuclear 
reactors in Oklo (Gabon); 
multicellular life already 
existed 2.1 billion years ago

El Albani et al, Nature 2010

Radioactivity and the origin of life?
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What is the short- and long-term risk of low-dose to
humans, biodiversity and ecological services in
ecosystems?
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 Underground exploitation:  from 1948 to 1957
 Only mechanical processing
 Storage : 30000 t of mine tailings (and waste rocks)

The Rophin site

3/12/2021 10



Radioactive mineral sources
The territories of thermalism are a socio-ecosystem where the water 

conveys a " positive " signal for the health/well-being
The thermal water has e.g. a proven anti-inflammatory power for the 

digestive system (case of Chatel Guyon, Plombières les Bains); 
the role played by radioactivity in the curative power associated with

thermal waters is not known
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Two complementary research axes
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Rophin

NOR* 

These are basically non-anthropic
environments

But there is a possible stress
(channelization....) - how to
preserve sustainability?

*(Technology-enhanced)- naturally occurring radionuclides

Isolated site where the vegetation
grew with an history of almost 70
years!
How the environment has adapted to
recent human-induced stress
(resilience) and how can we move
towards sustainability

TE-NOR* 
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A long way to go!

“My” scientific question

Disciplinary field
“The” issue of the ZATU: Life
and low doses - observatory
sites

Pluri- and inter-
disciplinary



A first step, crossing the knowledge
between “sciences of the matter”
(physics, chemistry, biology)
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The Rophin site 
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Martin A. et al., Science of the Total Environment, 747 (2020)

The whitish material is related to the discharge from the settling ponds at the time of mining; it is 
a second "source term”

Diffuse contamination in the wetland
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What about the mobility of radioelements (U, Ra, Po...) and 
trace metals (Pb, Cu, As...)?
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A first version of a reactive model at the wetland scale 

Integrative model 
describing the 
behaviour of RNs (A 
focus on Uranium)

Reactivity of RNs
Labile/inert part
Solution/interface speciation

Description of the site:
 Hydrodynamics
 Representation of 

soil/sediment layers

Geochemistry
Mineralogy
Water composition

Colloids
 Identification
 Reactivity with respect to 

RNs

Transfer of RNs to plants

Behaviour
prediction? Works realized within the framework of 4 

thesis and 3 post-docs
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…and the effect on living organisms? 

A focus on chickadees
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32 mineral sources with variable gradients of radioactivity and different 
physico-chemical conditions. 

Mineral springs

Montagne 2 

Montagne 1 

Rn activity = ~ 4000 Bq/L

Font salée

Apchon

Rn activity = 9±0.5 Bq/l, 

Mariol

Rn activity = ~ 140 à 160 Bq/l
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Fanny Millan et al. Botany Letters, Volume 167, 2020

A recent result: Correlation of deformation fo diatoms with
radioactivity (radon content)

130 
Bq/l

1500
à  

4000 
Bq/l

© Aude Beauger
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Integrative model 
(Géant 4 DNA)
Biophysical model = 
chemical data + 
physical data + 
biological data

Chemical data
Interaction of RNs with diatoms 
(surface/incorporation)

Biological data
Type of diatoms, 
diatoms/bacteria ....

Physical data
Irradiation experiments 
under controlled conditions 
(energy, type of particles); 
effect vs (low doses)
Modelling (Géant 4 DNA)

Predicting effects in 
sources
In-natura validation 
(observable to be 
defined)

four thesis in progress!



From understanding RN mobility and effects on
living organisms in the environment to
quantifying the exposure to RISK?

Crossing academic knowledge is not enough! We do not
work on regulatory issues
Since 2019, a strong link with IRSN
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What about risk perception?

The cloud from the Techernobyl
accident stopped at the border

Fukushima, an unanticipated accident which raised 
questions about the future of nuclear power 
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A second step, to cross the knowledge
between “sciences of the matter” and
human and social sciences
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Systematic cross-site analysis
 Socio-historical understanding of the mining 

legacy
 Geography of risk
 Low doses in an open environment
 Regulation methods - Mining and 

environmental law

Vendée Mining 
Division

Forez Mining 
Division

Cantal Sites

An issue that has been addressed since the 
creation of the ZATU around the mining sites



Rophin Creek water in  the wetlandThe miraculous water from the Saladis spring

E. Pezé, Les nouveaux lieux miraculeux

A project that starts around the mineral springs
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Where are we now?
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“My” scientific question

Disciplinary field

“The” issue of the ZATU: Life
and low doses - observatory
sites

Pluri- and inter-
disciplinary The territory and its

sustainable development
The socio-ecological system

Trans- disciplinary

A long way to go!



It is centered on the crossing of academic knowledge with 
intuitive/empirical knowledge (doctors, local population,…)

A new project created this year

It is inscribed on the scale of the territory with the ambition of 
an internationalization of the research program

It leads us, among other things, to the knowledge of the first 
nations....
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Radioactivity & local Knowledge

« the Angry Rock »
« the kiss of god » (radon)
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Another way of looking at the future - how to 
maintain sustainability in relation to mining

In Australia, an Aborigine prevents Areva's uranium mining 
projects (Orano)

"J'ai dit non aux mines d'uranium à Koongarra, car je crois que 
la terre et les croyances propres à ma culture sont plus 
importantes que l'exploitation minière et l'argent. L'argent va et 
vient, mais la terre est toujours là, subsiste toujours si nous 
nous en occupons, et s'occupera toujours de nous."
Se trouvent à Koongarra de l'art rupestre aborigène, des sites 
sacrés, des roches ocres et de la brousse "
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A new cross-diagnosis planned to assess the territorial health of
the “bassin lémanique et du Rhône »; a second step with the
perspective of contributing to the sustainable development of
this territory

https://youtu.be/eNDEJz74lT8

21-22/10: about 50 scientists and 
representatives of the civil society 
met in Geneva to prepare this 
event 
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https://youtu.be/eNDEJz74lT8


Challenge: From risk to the « health » 
of a territory?
In short, to evaluate the “health” of a territory from a holistic point of
view, it is important to cross the scientists' view with the “local”
knowledge but also the knowledge of the first nations

A possible way to go towards sustainability by 
“caring” for the territory?
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I thank my colleagues who helped me prepare this presentation

Sylvia Becerra, sociologist, who takes us to new
territories in Ecuador (country of thermalism) and
in Peru (country of thermalism with an important
pressure around the exploitation of Li and U)

Nathalie Michel, physicist, our
link with the Kogis people and
the TranceScience Research
Institute

Clarisse Malet, micro-
biologist, our link with the
living in these « extreme »
environments
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Patrick Chardon, specialist in nuclear 
metrology, co-leader of ZATU, who is 
interested in thermalism in Auvergne



we can refine the
parameters introduced in
the operational models
for a better evaluation of
the risks (Tf, Kd...)
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From observatory sites to the territory?

Bridge to cross (step 3)
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The 1st multicellular 
organisms were discovered 
30 km from natural nuclear 
reactors in Oklo (Gabon); 
multicellular life already 
existed 2.1 billion years agoEl Albani et al, Nature 2010

Radioactivity and the origin of life?

First signs of terrestrial life in hydrothermal spring 
deposits (Australia); Life has been present on Earth 
for nearly 4 billion years!

T. Djokic et al, Nature Communications, 2017
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